Int roduct ion
Starting with the first test of a thermonuclear weapon in 1952, man's activities have introduced tritium into the global environment.
About 99% of this tritium is in the form of tritiated water (HTO), most of which is now in the oceans. Much of the remaining tritium is in the elemental form (HT). This form of tritium makes up over 50% of the tritium in the troposphere (l).
The global inventory of molecular tritium has been relatively constant in recent years (2) . However, tritium levels may increase in the future because of increases in nuclear fuel reprocessing activities and increased tritim use in consumer products.
In addition, very large amounts of molecular tritium could be used in fusion power plants so that development of this technology would also increase atmospheric HT levels.
At the present time, little is known about the deposition and environmental cycling of molecular tritium. Due to its low reactivity and low volubility in water, HT is considered to be a less serious radiological hazard than HTO, which is readily absorbed by living organisms. However, experiments with soil (3,4) have indicated that HT is readily oxidized to HTO by soil microorganisms under environmental conditions. There is some evidence that pine trees (5,6) can also convert HT to HTO, but the rate is much less than that in soil. Relatively high levels of tritium,have been found in soil and plants after large accidental releases of HT to the atmosphere (7).
In this paper, the pattern of tritium deposition in soil, litter, and vegetation in forested areas surrounding a nuclear separations facility is examined. The significance of this pattern in relation to HT metabolism by pines and soil microbes is discussed.
Forms of Tritium
Tritium can be present in vegetation and soil as a constituent of water, organic matter, or soil minerals. The tritium in vegetation and soil samples that is easily removed by evaporation at low temperature or by freeze drying is often designated as "free tritium." Tritium that is associated with organic matter or soil minerals is more difficult to remove from samples and is often designated "bound" tritium. Nearly all of the bound tritium can be removed by heating and combustion in a furnace.
The bound tritium fraction of soil or vegetation can be further divided into an exchangeable bound fraction and a nonexchangeable bound fraction. The exchangeable fraction will rapidly come into equilibrium with the specific activity of the tritiated water in its environment, while the non-exchangeable bound fraction will retain the specific activity of the materials from which it was synthesized. Exchangeable tritium can be removed from a sample by repeated washing with tritium free water.
In the experiments described below, free tritium is defined as tritium separated from the sample as water by freeze drying.
Tritium collected as water from samples combusted in a high temperature oven (700°C) immediately after freeze drying is designated "total bound" tritium. Tritium collected as tritiated water from samples combusted in a high temperature oven, after repeated freeze drying and washing with low tritium water, is designated "non-exchangeable bound" tritium. The tritium removed from the sample by washing after freeze drying is designated "exchangeable bound" tritium.
Methods
Ten sampling locations were chosen between 0.5 and 12 km from vented to the atmosphere. Photosynthesis occurs normally under these conditions (8) . In most experiments, the needles were exposed to direct sunlight. Water in both the cold trap and the pine needles was analyzed for tritium.
The non-exchangeable bound tritim content of the needles was determined as follows. Two grams of dried needles were ground and repeatedly equilibrated with 10 cc portions of tritium-free water.
The needles were then freeze-dried until the tritium in the water removed was reduced to background levels. Samples were then combusted to recover any non-exchangeable bound tritium. Sma11 amounts of non-exchangeable bound tritium were found to be formed during control exposures to HTO vapor. Since HTO is formed in needles exposed to HT, HTO will make a small contribution to the formation of bound tritium, even in branches exposed to HT.
The contribution of HTO synthetic processes to the nonexchangeable organic pool was estimated by exposing branches to HTO vapor. The results of the HTO exposures were subtracted from the non-exchangeable organic tritium before calculating the deposition rate of HT to the non-exchangeable tritium pool.
Results
The free tritium and total bound tritium concentrations of leaf litter were determined at a number of locations at varying The results of analyses of soil cores (Table 1) In an attempt to determine if the total bound tritium was associated with any specific class of needle organic compounds, fresh pine needles and pine litter were treated with benzeneethanol. Benzene-ethanol removes extractives, a heterogeneous group of compounds including fats, oils, resins, and phenolics.
The results of combustion and tritium analysis of the resulting water are given in Table II . Total bound tritium is concentrated in the extractive fraction. The residue was lower in tritium, but still above average levels of ambient HTO (Figure 1 ).
Several controlled exposures were carried out using soil, pine litter, and excized living pine branches to determine whether synthesis of tritium into the non-exchangeable bound tritium fraction of organic compounds contributes to the total bound tritium.
Deposition velocities (relative deposition rates) were calculated using the following formula: Table . 111. Soil and leaf litter readily oxidize HT to free tritium, but synthesis of non-exchangeable bound tritium is lower than we are able to detect.
Living pine needles form free tritium much more slowly, but a measurable amount of HT is converted to a non-exchangeable bound form.
-7-There are two differences between deposition processes for free and non-exchangeable bound tritium in pine needles. The first is that formation of free tritium is strongly inhibited in the dark while formation of bound tritium is increased. The second difference is that the deposition velocity of free tritium formation is independent of HT concentrations while deposition velocity of formation of non-exchangeable bound tritium decreases at higher HT concentrations as shown in Figure 2 . 
FIGURE 1
Tritium in leaf litter near H-Area
